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(I) 



which: 



Arte an optionally substituted phenyl group, or a naphthyl or 05,7 

cVcloalkdienyl group, or an optionally substituted single or fused ring 
heterocyclic group, having aromatic character, containing from 5 to 12 
ring Atoms and comprising up to four hetero-atoms in the or each ring 
selecteclsfrom S t O, N; 

R is linear orbranched Cj.g alkyl, C3.7 cycloalkyl, C4.7 cycloalkylalkyl, an 
optionally substituted phenyl group or a phenyl C\.^ alkyl group, an 
optionally substituted five-membered heteroaromatic ring comprising up 
to four heteroatofois selected from O and N, hydroxy Cj.g alkyl, amino 
Cj.g alkyl, Ci_6 alkylaminoalkyl, di Ci_6 alkylaminoalkyl, Ci_g 
acylaminoalkyl, Q-gNlkoxyalkyl, C\-$ alkylcarbonyl, carboxy, Cj.g 
alkoxyxcarbonyl, alkoxycarbonyl alkyl, aminocarbonyl, Cj.g 
alkylaminocarbonyl, di Cj\ alkylaminocarbonyl> halogeno Ci_g alkyl; or 
is a group -(CH2)p- when cycbzed onto Ar, where p is 2 or 3; 

Rj is hydrogen or Cj.g linear or branched alkyl, or together form a -(CH2)n- 
group in which n represents 3, 4, or& or Rj together with R forms a group 
-(CH2)q-, in which q is 2, 3, 4 or 5; \ 

R2 is hydrogen; \ 

R3 is hydrogen, Cj.g linear or branched alkyl, Go .5 alkenyl, aryl, Cj.g 
alkoxy, hydroxy, halogen, nitro, cyano, carboxy, carboxamido, 
sulphonamido, Cj.6 alkoxycarbonyl, trifluoromeHwl, acyloxy, 
phthalimido, amino, mono- and di-Cj.6 alkylaminoK 
-0(CH2) r -NT2, in which r is 2, 3, or 4 and T is hydrogen or Cj.g alkyl or 
it forms with the adjacent nitrogen a group \ 
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or 




in which V and are independently hydrogen or oxygen and u is 0,1 or 
2; \ 

-O(CH2) s -0W2 in which s is 2, 3, or 4 and W is hydrogen or C^.g alkyl; 
hydroxValkyl, aminoalkyl, mono-or di-alkylaminoalkyl, acylamino, 
alkylsulraonylamino, aminoacylamino, mono- or di-alkylaminoacylamino; 
with up to jour R3 substituents being present in the quinoline nucleus; 
R4 is Ci_6 lineakor branched alkyl, C^g alkenyl, aryl, C\-$ alkoxy, hydroxy, 
halogen, nitnvcyano, caiboxy, carboxamido, sulphonamido, Cj.g 
alkoxycarbonyljNiifluoromethyl, acyloxy, phthalimido, amino, mono- and 
di-Ci-g alkylaminV 

-0(CH2) r -NT2, in wttch r is 2, 3, or 4 and T is hydrogen or Cj.g alkyl or 
it forms with the adjacent nitrogen a group 



in which V and V\ are independently hydrogen or oxygen and u is 0, 1 or 
2; \ 

-0(CH2) s -OW2 in which s is 2 t 3, or 4 and w\ hydrogen or Ci.g alkyl; 
hydroxyalkyl, aminoalkyl, mono-or di-alkylaminctfJkyl, acylamino, 
alkylsulphonylamino, aminoacylamino, mono- or oiralkylaminoacylamino; 
with up to four R3 substituents being present in the qbinoline nucleus; 

or R4 is a group -(CH2)t- when cyclized onto R5 as aryl, inywhich t is 1, 2, or 
3; \ 

R5 is branched or linear Cj.g alkyl, C3-7 cycloalkyl, C4.7 cycloalkylalkyl, 
optionally substituted aryl, wherein an optional substituent isVydroxy, 
halogen, Cj-g alkoxy or C\.$ alkyl, or an optionally substitutea^single or 
fused ring heterocyclic group, having aromatic character, containing from 
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to 12 ring atoms and comprising up to four hetero-atoms in the or each 
\g selected from S, O, N; 




A compound, or solvate or salt thereof, of formula (lb): 



R2 a 



(lb) 



in which: 

R is linear or branched C i_ 8 W. C 3 -7 cycloalkyl, C4.7 cycloalkylalkyl, an 
optionally substituted phenyl group or a phenyl C\.s alkyl group, an 
optionally substituted five-meVbered heteroaromatic ring comprising up 
to four heteroatoms selected froiaO and N, hydroxy C\.6 ^kyl, amino 
Ci_6 alkyl, Ci_g alkylaminoalkyl>di Ci„$ alkylaminoalkyl, Ci_6 
acylaminoalkyl, Ci-g alkoxyalkyl, Oj-6 alkylcarbonyl, carboxy, 
alkoxyxcarbonyl, Ci_6 alkoxycarbonyVCi.g alkyl, aminocarbonyl, Cj.g 
alkylarriinocarbonyl, di C1.6 alkylainmoWbonyl, halogeno alkyl; or 
is a group -(CH2) p - when cyclized onto Afywhere p is 2 or 3; 

Rl is hydrogen or Ci_6 linear or branched alkylV together form a -(CH 2 )n- 
group in which n represents 3, 4, or 5; or R t together with R forms a group 
-(CH2) q -, in which q is 2, 3, 4 or 5; 

R2 is hydrogen; 

R 3 is hydrogen, Ci_6 linear or branched alkyl, C1.6 alkenyl, aryl, Ci_6 
alkoxy, hydroxy, halogen, nitro, cyano, carboxy, carboxamido, 
sulphonamido, Ci_6 alkoxycarbonyl, trifluoromethyl, acyhjxy. 
phthalimido, amino, mono- and di-Ci-6 alkylarnino, 
-0(CH2)rNT2» m which r is 2 « 3 - OT 4 80(3 T is h y d ">gen or C \6 aSk ^ 1 ot 
it forms with the adjacent nitrogen a group 

v, v, 



or 




/08/01 THU 10:57 FAXfilO 270 5090 

. * Serial No.: 08/450,^7 

Batch No.: P58 
Group Art Unit: 1711 



SKB 
J 



* 




in which V and Vj are independently hydrogen or oxygen and u is 0,1 or 
2;\ 

-O0CH2) s -OW2 in which s is 2, 3, or 4 and W is hydrogen or Ci_g alkyl; 
hydroxyalkyl, aminoalkyl, mono-or di-alkylaminoalkyl, acylamino, 

Iphonylamino, aminoacylamino, mono- or di-alkylaxninoacylamino; 
with up to four R3 substituents being present in the quinoline nucleus; 
R4 is Ci-6 linbar or branched alkyl, Cj.g alkenyl, aryl, Ci_g alkoxy, hydroxy, 
halogen, nittp, cyano, carboxy, carboxamido, sulphonamido, C^g 
alkoxy carbon\l, trifluoromethyl, acyloxy, phthahmido, amino, mono- and 
di-Ci_g alkylanuno, 

-0(CH2)rNT2, i\ which r is 2, 3, or 4 and T is hydrogen or alkyl or 
it forms with the aaiacent nitrogen a group 



N 



(CH4 




in which V and are independently hydrogen or oxygen and u is 0,1 or 
2; 

-0(CH2) s -OW2 in which s is 2, 3, or 4 anit W is hydrogen or C 1.5 alkyl; 
hydroxyalkyl, aminoalkyl, mono-or di-alkylraiinoalkyl, acylamino, 
alkylsulphonylamino, aminoacylamino, monoVor di-alkylaminoacylamino; 
with up to four R3 snbstituents being present in\he quinoline nucleus; 
or R4 is a group -(CH2V when cyclized onto R5 as atyl, in which t is 1, 2, or 
3; 

Z is phenyl or phenyl substituted by hydroxy, halogen, C\_$ alkoxy, Cj_6 
alkyl or Z is a single or fused ring heterocyclic group, having aromatic 
character, containing from 5 to 12 ring atoms and comprising up to four 
hetero-atoms in the or each ring selected from S, O, N or Zvis C5.7 
cycloalkdienyl; and \ 

Y is C3.7 cycloalkyl, phenyl or phenyl substituted by hydroxy, halogen, C^.g 
alkoxy, or \ 
Ci_g alkyl, or Y is a single or fused ring heterocyclic group, having 
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miatic character, containing from 5 to 12 ring atoms and comprising up 
to S>ur hetero-atoms in the or each ring selected from S, O, N. 



001 



A compound, or solvate or salt thereof, of formula (I): 



N — C — Ar 





in which: 

Ar is an optionally substituted phenyl group, or a naphthyl or 05.7 

cycloalkdienyl group, or\p optionally substituted single or fused ring 
heterocyclic group, havingsaromatic character, containing from 5 to 12 
ring atoms and comprising up to four hetero-atoms in the or each ring 
selected from S, O, N; 

R is linear or branched Ci_g alkyl, 63.7 cycloalkyl, C4.7 cycloalkylalkyl, an 
optionally substituted phenyl grouper a phenyl Ci_6 alkyl group, an 
optionally substituted five-memberedsheteroaromatic ring comprising up 
to four heteroatoms selected from O anfl N, hydroxy alkyl, amino 
C1-6 alkyl, Ci_g alkylaminoalkyl, di Ci V alkylaminoalkyl, Ci„6 
acylaminoalkyl, C^g alkoxyalkyl, C^g alfcvlcarbonyl, carboxy, 
alkoxyxcarbonyl, C^g alkoxycarbonyl Ci-6 ^ky 1 . arainocarbonyl, 
alkylaminocafbonyl, di C\.^ alkylanunocarbonyL halogeno alkyl; or 
is a group -(CH2)p- when cyclized onto Ar, where\ is 2 or 3; 

R4 is hydrogen or Ci_g linear or branched alkyl, or togetter form a -(CH2)n- 
group in which n represents 3, 4, or 5; or Ri together wKh R forms a group 

-(CH2)q-> in which q is 2 ' 3 ' 4 or 5 J 
R2 is hydrogen; 

R3 is hydrogen, Ci_g linear or branched alkyl, C^.g alkenyl, aryl, <$j_6 
alkoxy, hydroxy, halogen, nitro, cyano, carboxy, carboxamido, 
sulphonarnido, Ci-g alkoxycarbonyl, trifluoromethyl, acyloxy, 
phthalimido, amino, mono- and di-C^.g alkylamino, 

-0(CH2)rNT2> in which r is 2 > 3 * or 4 mii T is M^ogen or c l-6 
it forms with the adjacent nitrogen a group 
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or 




-ow 2 




ion; 
four 



in which s is 2, 3, or 4 and W is hydrogen or C 1.5 alkyl; 
1, aminoalkyl, mono-or di-alkylaminoalkyl, acylamino, 
^nino, aminoacylamino, mono- or di-alkylaminoacylamino; 
substituents being present in the quinoline nucleus; 



in Wch V and Vj are independently hydrogen or oxygen and u is 0.1 or 
2; 

-0(CH : 
hydroxy; 
alkylsulpfr 
with up to 
R4 is hydroxy; 

5 is branched or linear Ow; alkyl, C 3 _ 7 cycloalkyl, €4.7 cycloalkylalkyl, 
optionally substituted ai^wherein an optional substituent is hydroxy, 
halogen, Ci. 6 alkoxy or Ci^alkyl, or an optionally substituted single or 
fused ring heterocyclic group, iWig aromatic character, containing from 
5 to 12 ring atoms and comprising \^ to four hetero-atoms in the or each 
ring selected from S, O, N; 
X is O, S, or NOaN.-. 



Please am end the claims r as follows; 



fpr each of claims 2^13. at Una T delete "claim 1 " and insert -claim 
59--; 




{QtfT^ (Amended) A pharmaceutical composition comprising a 
compound of formula (I) or salt or solvate thereof, as defined in claim [1] 59, 
and a pharmaceutical^ acceptable carrier. 

(Twice Amended) A method for the treatment and/or 
prophylaxis of pulmonary disorders skin disorders and itch, neurogenic 
inflammation and CNS disorders, convulsive disorders, epilepsy, renal 
disorders, urinary incontinence, ocular inflammation, inflammatory pain, 
eating disorders, allergic rhinitis, neurodegenerative disorders, psoriasis, 
Huntington's disease, and depression in mammals, which comprises 
adrninistering to the mammal in need of such treatment and/or prophylaxis an 
effective amount of a compound of formula (I), or a solvate or salt thereof, as 
defined in claim [ 1 ] 59. 



for each of claims l£2Q. at li™> 1 delete "claim 17" and insert --claim 



i 
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"2\/ (Amended) A pharmaceutical composition composing * 
' compound according to claim [17] 60 or a pharmaceutically acceptable a 
salt or solvate thereof and a pharmaceutically acceptable carrier. 

S pf? (Twice Amended) A method for the treatment and/or 
prophylaxis of pulmonary disorders skin disorders and itch, neurogenic 
inflammation and CNS disorders, convulsive disorders, epilepsy, renal 
disorders, urinary incontinence, ocular inflammation, inflammatory pain, 
eating disorders, allergic rhinitis, neurodegenerative disorders, psoriasis, 
Huntington's disease, and depression in mammals, which comprises 
adimnistering to the mammal in need of such treatment and/or prophylaxis an 
effective amount of a compound of formula (I), or a solvate or salt thereof, as 
defined in claim [17] 6Q. 

REMARKS 



This paper is a combined Petition to Withdraw from Issue Under 37 
C.F.R. §1.3 13(b)(3), as well as an Amendment with claims falling outside the 
scope of the newly cited art. By this amendment, new claims 59-61 are 
presented. Allowed claims 2-15 have been amended in order to depend from 
new claim 59. Allowed claims 18-22 have been amended in order to depend 
from new claim 60. Allowed claims 23-58 are believed to be free of the art 
already cited in this case, as well as the '890 patent. In addition, new claims 
59-61, and amended claims 2-15 and 18-22 are believed to be patentable in 
view of the '890 patent. Support for the addition of new claims 59-61 is found 
in the specification, examples and claims as originally filed. Therefore, 
Applicants submit that the new claims are now patentable. No additional 
searching is believed required by these newly presented claims. 
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In view of the foregoing, Applicants respectfully request the grant of 
this Petition to Withdraw this application from issue, and allowance of claims 
2-16 and 18-61. 



RespectfuUy^ubmitted, 




Nora s(ein-Femandez 
Attorney for Applicants 
Registration No. 36,689 
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Office on the date shown below. 

Diane W, Halata 

\-„.AiUttx. iMu. 

Signature u&t 

Attorney Docket No. P30958C2 

TlflF. UNITED STATES PATENT AND TRA DEMARK OFFICE 
Applicant: Farina et al. 8 February 2001 

Serial No.: 08/450,437 Group Art Unit No.: 1711. 

Filed: May 25, 1995 Examiner: J. Mullis 

For: QUINOLINE DERIVATIVES 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Information Disclosure Statement Under 37 C.F.R. § 1.97(c) 

The attached list of citations is being submitted under the provisions of 37 

C.F.R. §1.56 and §1.97 in order to comply with the duty of disclosure. Their inclusion 

herein, however, should not be construed as an admission that any particular cited 

reference is effective prior art or that it discloses or renders obvious any aspect of the 

claimed invention. 

The document cited herein is listed on the enclosed PTO Form 1449. A copy 
is enclosed. In addition, a copy of the European Search Report citing this document is 
enclosed. 

This statement is being filed under the provisions of 37 C.F.R. § 1.97(c), before 
the mailing date of a Final Office Action or before the mailing date of a Notice of 
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be required by this paper, or credit any overpayment, to the indicated Deposit 
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Cyclic Peptides as Selective Tachykinin Lu^ty" 

— c _ : Terlings park em ^ 

Receiued September^ ]99q :: 1 

tachykinin antagonist activitT f D ^, > si L?i5l o - cycLc - A^ptides were shown t^h-^fl- u 
potent of. this aeries, XVH C y C Ittin& iK r T ece P to » (wt vaa WrSJ t£ ^ * gh 




The Uchykinins''flre Vfamil'y oif DeVtidM^f^k - 
a closely homolo 8 oua carboxy iSEffiftS? l2 " • 

neurokinin A, and neuro&nin B * e'ieri « ii?,^ - 

actions on a »um^r.SSd3S^ t '• 

hssues and in th.> a tbl 0 *r? 0 £ 5jS£S- 

different biolopcaj activities as a conseau3 % fk 

the identification of recaotor ftuht™« t,* ^"gwuiy 
on the rank order of ^S^S^SSi ' 

^esensituation experiment*.' FuU cKt^Son 

cyclic peptides which are taXEfallS«!' f Bef ' eS ° f 
Th« approach to develop!,* tachykinin antagonists 

, ' Mar^&rX DaCT&fiS^ ""iJf"* 1 

19486. y «*»e«rtb Uborttonei, Weic Pobit, PA 



Neurokinin A » 



Neurokinin q 



• A^ M . l .Hi S .A t ^p h9 .p h ,. Va| . v . UgM<|Nyj 
NON-MAMMALIAN TACHYKININS 



Fijure 1. 



*»-V,H»^. l]rs .s. r . 41ip . ( j ln . phe . Vj| C|r t>u 



L». C. M. i. /V,,,^^* h ^#M*M J.;. w ^"". 8. J, 
M»>h.r«| ^ to W&'^^J^V^iH -u. T., 

0022.2623/93/18^.0002504.00/0 , 



whether these a^tagonata wlth auS - hS. detennme 
aromatic residues hmH^, ^ Portion of 

a* tho l,i to he rece Pt°r in the aaaae wav 

fOrexa m pIeatpo3,t,on9, themfl elve 3 bind to the receptor' 
30I-3M. «« v «iopa>eot of Mi^omiu. Pharmacology ISW. a 

1993 American Chemical Society 
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Cyctic Peptides « Tachykinin Antagonists 

or are reaponsible aolely for altering backbone conforma- 
tions,. These uncertainties together with the high con- 
formations] mobility normally associated with linear 
peptides makes Interpretation of structure-activity rela- 
tiohahjpa particularly difficult Substitution of amino 
acida, found to be optimal in one aeries of peptides, may 
r.ot necessarily be optimal in other series. Nevertheless 
antagonists which show selectivity toward the various 
raceptor subclasses have been prepared by the careful 
choice of amino acid substitution. 12 

An alternative approach to obtaining tachykinin an- 
tagonists, which involves the use of conformational con- 
straints, haa recently been reported by Ward et ai" 
Incorporation of apiroUctama into linear peptide sequences 
homologous to substance P have provided both NK-1 
selective agonists and antagonists. Agonists were produced 
when an (£)*apirolactam unit was used which can be 
considered to be a hybrid of the (/t>G[y[ANC2]Leu 
lactam 14 and L-Pro-Leu sequences in place of the natural 
G ty-Leu sequences in substance P. However, in contrast, 
w.ien the (5)-spirolactam unit was incorporated, antagonist 
activity was observed. The conformation which is sta- 
bilized by this (S)-spirplactam was the classical type II 7 
0-tura, suggesting that a bent conformation may be 
necessary for NK*1 antagonist activity. 

The above two methods have as their formal starting 
point the natural sequence of the tachykinins. Selective 
NK-2 antagon ists can be obtained from the linear peptide 
sequence Ac^Leu-Met'Gln-Trp-Phe-Cly-NH 2l which we 
have reported on previously? and whoee selectivity has 
been recently improved upon by Maggi et al 15 by the 
replacement of the methionyl with an aspartyl residue. 

On the basis of NMR data and energy calculations 
derived from substance P itself™.** and a number of 
biologically active fragments 1 *- 1 ? and analogues, 20 it has 
been postulated that substance' P exists in a bent con- 



er, El Sub. Ur>ce f u Lagooieta aho^ing M m* *<jlactm ty for differ «ot 

(-3) Ward p, ; E^m, C. B.; Jordan. Q. C.i Eraland. S. J.; H«gui R. M - 
C&^^^^ Nau/okinh, lata^U. J. Mid. 

<M) The tbbrjvutioii W.Gly(ANC.2JLeu b the ihorthand notation 
wbchdesmb^lhjmod^^dipepddo mimic ia 2. TbiBnoUtioo B ?£tf« 
th* repUccmwi of a hydfw «a 4UJm attached to th« *Ipha ta/bon of 0)6 
glycol ralduft and the hydro™ ttom of the tmido /litf moof the leiwri 

u« lama S ibao uto »tar40chenuitry u b*foro. which by convAaiion for 
SJES 4mb ° ltidl U * *» L ^ i iP^uSKSl 

(1.5) Man}, £ A.; Pata«hial, R.; Guiliaoi, 9.; Rovbi-o, P.* Dijon "S - 

WO ykmm '** ptor IU °&T>«' .A Pharmacol. IM>, 

P ^£?$&T>' : ¥!L*** W \ T ' N.: Otauka, M- Sub«*o« 

r i£juot%. NMR ipect/a and coaforaaciooi b aolution. In Peoi/dr 

^TO-ft^ ^ ***** Fa^ol O^^S; 
(IT) (■) NAi/crovicb, G. V.; SmJodia, Yil; CSipeni. G. L Cott/omwtiom 

^J? 1 ^^' M "*^. Momany, F. ^60^.^^ of 
wbibiaee P by 'conformational enoro caJcuUUon*. lnPe^. 
godmgBof tba Jth An^cw PaptidoSyttpoaium; Rich. D. £"£0- £ 

22."SH MS a iU * ? h«« W tid« 4nalo0. Biooofyw 1983. 

2S, 4.0-455 (b) Coatrait. M, : HoapitaJ. M. Con/omutionaJ uudiM oft 
dwhrm. &icph y9t Res. Cammun. im. t09. 1I33-U28 
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formation in the C- terminal portion of the peptide. 2l Thifl 
conformation ia thought to be stabilized by the eiiatence 
of hydrogen-bonding interactions between the methionyl 
residue and the backbone or aide chain of other residues. 
In the C^terminal hexapeptide of substance P, [Glp^SPe.,/ 
it had been ehown that replacement of the Giy* reaidue 
by derivatives which not only restrict conformation but 
have the ability to stabilize bends such aa L-Pro, 27 o-Pro » 
and a y-lactam unit (i?)-Glyf ANC-2] Leu 30 affect agoniat 
activity at the various receptor subclasses. This implies 
that the glycyl residue may play a dominant role in 
establishing the overall conformation of the molecule. We 
began a synthetic program to determine whether the 
biologically active conformation at the various subtypes 
might be mimicked by cyclic peptide*. This technique of 
obtaining peptide antagonist* had been successfully' 
employed for other peptide hormones syaUms including 
somatostatin,* enkephalin® LKRH,* and recently CCK. 77 
Surpriflmgly, all previous attempts to achieve chia for the 
tachykinins have been unsuccessful. »-« One poeaihle 
explanation we considered which might account for this 
was the high conformational mobility of the glycyl residue. 
It was for this reason that the conformational constraint 
(«)-Gly(ANC-2]Leu, which had been shown to maintain 
high agonist activity at NK-2 receptors® ' should be 
included in these cyclic peptides to provide a confonna-' 
tional lock in thia region of the peptide backbone. Later' 



C • P? I«» n 0 *&tp : ChlC o C, '£ G r FwMinser, R. M • Dylion- Cotton, 
"^co^9« 

(22) Uuf«f. GUd^C; Chorev, M.; SeUng B r, Z. [pGlu* JWjSPa.,, 

1 wtaTi^ijfc th " ub,tAflOB p ^^ptor - ufatypo. /ffi J c£ 

(23) Piercey, M. P.; Dor by-Scoreur, P. J. JC; Maaiquo, N.; Scbroodcr 
WW, lo^m^W lClty ° f SP ' SF ' 2 lub6taDa> P rpcwiori. ^c,.' 

.•mfl 5> v M !!L 0, J "' 8 ^ ( 9* l i ViU *^v fll C; Michel, A. Topolo^caJ 
16M ^ coc aput«''-aiOdebll ff *pproach- / M<d. Chem. 1986,29, iS^- 

(27) CW*nti^ R; Manage, L- Dor. K; D.; Duri«ai, C ■" 

CycUc CCK-8 uialoc» hiffhly »«|«tfv fl r or wiotrai roc* pto*. In p(i^*, 
W^fL 0 ^ fl i 0 M*£' of th« 10th Anuria Peptido 

E MixraJu, J.; Rcgob. D.; Dalviet^, D.; Furac, A.; L«, T. D. Coo/or- 
tAAtionally r«tnciod C-tarminaJ p«ptid«a of »ubataw P, SyntKeaii maai 
^Hsa&^r" 1 ^ P 1 "™*^ 10 ^^ propjftiea, J, W 6 d. CA<m. 19M; 

(29) (.) Neubort, K. ; Hanrodt, B.: B«rs,r, EL; Mihlia, 8.; Ruiter, M.« 
^5?^* J.i^ublc, H,D. ; Barth, A. Phar^U l3«Tio 617^622: 
H D W Wfrtnxlt, B,; BergoV, E.;'jakubke, 

(30) M^ir^.M.ADproachtothed^l^c/aalwtivoin^vo^t^oQlALB 
b,0 '°f u c f y . sc : 1V8 Peptide* boaad 00 con/oraaiional rwL-iciioD vU 

J»n-di8Jlwliub B Ututi ? ni«idS-S bridging. SubnanceP-Oubiin 196J; 

conrormAtionaJ approach W »Uuctufo- activity itudic* of »ub«Un« P. 
^b'[r^?t^. 9a3;S ^ b " Bk - P ^"- D • Bool a 
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we would be in a position to examine the importance of 
ind jduig thjB conformational constraint 

Methods 

Tie method for the preparation of the cyclic peptides 
involved formation of precursor linear peptide hydrazides 
(Scheme n, part a), conversion to the acyl azides (by the 
method of Rudtnger"), and cydization in a analogous 
mariner to that described by Veber." Preparation of the 
precursor peptide hydraaides utilized sblid-phase tech- 
niquea amular to those described by Sheppard involving 
the use of Fmoc amino acids." PoIydlmethylacryUmidf 
gel resin (Pepsm, CRB) was furictionajized by treatment 
with .ethylenediamine and acylated with the Fmoc- 
protected symmetrical anhydride of an amino acid, which 
"*■.<?,«*,•• « internal standard and ^'facilitate 
aubMquent analyses.. Deprotection of the resin 'by 20%" 
piper .due in DMF (wash cycle A) allowed acylation by' 
Uie functional handle [4-{hydroxymethyl) benzoic acid*>I ' 
Subsequent acylation for the assembly of the peptide was 
by direct analogy with.the method of Sheppaid involving 
Fmoc-amino acid symmetrical anhydrides or active eaters 
(glutumine residues). The notable exception to this was 
the incorporation of the. conformatibnally constrained 
dipeptide mimic 3, Which involved the use of active ester 
coupl i ngs'and the use of Boc protection. Preparation of 
3. waa by analogy with, that described previously for the 
(S£)-«pimer" using a DCC-mediated coupling of Boc- 
p-Mel; with Leu-OMe-HCl. Following this procedure the 
initial product 1 contained significant quantities of 
/V-acylurea (5.3%), which, could be removed either by 
chromatography on silica gel (overall yield. 85.5 %) or by 
recrystallization (58.7%). However, when the coupling 
procedure was performed with hydroxy benzotriazole 
presenr. no- JV-acylurea was observed and the product 
obtained after crystallization (88%) wasof sufficient purity 
to be used directly withoutfurther purification. The use 
of the boc group to protect 3 rather than Pmoc was solely 
for convenience. The procedure for the preparation of 3* 
(Scheme I) involved a strong base treatment (NaH) for 
the kctamtzation of the S-alkylated dipeptide 2. Fmoc 
could not be used as N-protection as it is known to be 
unstabls under these conditions: Subsequent exchange 
of the E»jc group in 3 for Fmoc in 5 was performed (Scheme 
I); however it was deemed unnecessary for this present 
series of cyclic peptides for two reasons. Firstly, peptides 
attached to the 4.(hydroxymethyI)benzoyl-functionalized 
resin 6 are known to be stable to the anhydrous acid 
conditions necessary to cleave a Boc group » and secondly 
the amino acid residues preceding the dipeptide mirnic 3 
did not have protected functionality in their side chains 
In th« cases of the precursor peptides not involving 
N-terminalglutsmine, the final residue was incorporated 
as either a Boc- or an Fmoc-protected amino acid residue 
and depMtectedunderatandard conditions before cleavage 
from the resin by hydrazinolysis (5% hydrazine hydrate 
in methanol) (Scheme II, part b. procedure A). Exhaustive 
evaporation to remove excess hydrazine allowed direct 



,hiS. 3 'i "'"f u ' ; R 1 ud . in ?* f • J - AminoajidB and p«ptid« XXXIII. Nitroovl 
EwliTVl Ifr SAW"*-***". D. ; Velxr. D. P. Proved 



Scheme I 9 
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Mi) TCC/HOBULeuOMfrHC!: til) Mef; oni NaH-'Uvj HCL' 

conversion of the crude acyl hydrazide to" the corresponding 

DMF (-20 'O and addition of triethylamine to pH $-9 
liberated the free amine and allowed spontaneous V 
chzation to occur. In the number of cries" involving 
iN-termmai glutamine residues it was anticipated that if 
the procedure above waa adopted a significant degree of 
pyroglutamyl formation would occur during the hydrazi- 
nolysis step^ It was for this reason that a Modified 
procedure (Scheme H, part b, procedure B) waa adopted 
in order to minimize this aide reaction. In these cases the 
N-terminaJ glutaminyl residue, wea incorporated by the 
use 0 f Boc-Gba-ONp and' the coupling catalyzed by 
hydroxybenzotriazole (HOBt). The completed peptide 
was cleaved from the resin by hydrazine with the N-ter 
minai protecting group stiU presen t. After removal of the 
excess hydrazine, the Boc group was removed using 
anhydrous trifluoroacetic acid or 2 N HCI in dioxane and 
the acyl axide generated immediately at -20 °C Under 
these conditions the protonated amino group on the Gin 
residue should minimize the extent of formation of 
pyroglutamyj peptides. The lower yields obtained during 
cychzataon of precursor peptides with N-terminal glutamine 
O able in) by procedure B posgibly indicates that this 
side reaction has not been totally suppressed. The desired 
intramolecular reaction to form the homodetic cyclic 
peptides was however clearly competing favorably with 
undwired intraresidue cydization to form pyroglutarnyl 
peptides. 

An alternative method which did avoid thissidereaction 
altogether was to alter the position of the bond to be formed 
during the cydization step, thus avoiding N-terminaJ 
glutaminyl residues. For the peptides which contain the 
Gly-Leu sequence rather than the dipeptide mimic 3, the 
obvious choice of C-termineJ residue in the linear precursor 
peptide was the glycyl residue (Scheme HI}, which not 
only avoids having Gin as N-terminal residue and hence 
the possibility of pyroglutamyl formation but also avoids 
racem ization on the cydization step since the achi/al gtycyl 
residue is not susceptible. Where this was not possible, 
cyclixa tion involving an azide coupling procedure waa uaed 
to minimize the possibility of racemization at chirai 
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Scheme II 



noc*v 



aim 



FgxKftocVX.T-Z.(B)ClyrAWC^tL^.M < i.OCH 1 ^"^ ^— COrejin 

fa* 





CO-mtn 



LOq-p 



ft*- X.Y.^(RWlyIANC i I]L ta .M B ,.NHHM I 

4 teagentefor put a; (i> (Fmoc-MeOjO/ NMM/DMAP; Hi) 20% 
pipcndine/DMF; (iu) 3/DCC/HOBt; (iv) TFA/CH 3 CI 2 ; (v) (Fmoc- 
ZhO: <vi) (FmooY>,0; <vii) (Fmgc-XhO; (viii) deproLectior. and 
hyckolysia (ptrt bJ; (it) KCI/uoamyl aitrite/-20 *C (x) Et,N 

*i!L n ~I 0f 5.* rt b: (i) 2Q% piperidine/DMl? (for Fcdoc removal) 
?5 ^ TFA/CHjCl, {for Boc removal); (ii) 5% hydrazine hydrate/ 
MeOH/16 h; (iii) TFA <W mini or HCI/dioiane.^ " • . 

C-te rmuial residues'* For cyclic peptides involving 1 the unit' 
3. eiternate choices for the linear precursor peptide 
Bequenceg were limited for technical reasons. However, 
when cyclizBtion was attempted using alternative cycliza- 
tion ; positions, yielde were variable and' in one case 
cyclization. failed completely (synthesis of peptide' V, 
method 2). .: . 

The purity and identity of the cyclic peptides were 
chaifictemed (Table IV) by >H NMR <360 MHz), amino 
acid analysis,^ and FAB-MS. Gel- permeation chroma- 
tography, which is a frequently used technique to deter- 
mine the molecular weight of peptides and proteins, 36 was 



Andrcwi, P. The gel-filtration behaviour of proLttnj relaUd to 
their caolecular weight* over ■ wide fan**. Biochem. J 1965, 96. 595- 
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Scheme III 

i 



Leu-Mct-Gln^Trp-Ph, Cly.NkNH, 

n 



cy«J<K CU.Trp>PtK-Cl y -Lni<Mci ) 

also applied to II, IH, IV, VIII, IX, and X using Se phadex 
G-15 in 50% aqueous acetic acid as solvent. The cyclic 
peptides. were determined to be monomeric species by 
comparison with the elution time of analogous linear 
peptides considered to be chemically similar. This solvent 
was chosen because of the limited water solubility of these 
cyclic peptides and to minimize absorption effects of the 
Sephadex by the aromatic residues in the cyclic peptides. 37 
The cyclic peptides however consistently eluted later than 
predicted from their molecular weights, which reflects the 
lower molecular volume occupied by a cyclic rather than 
aconfonnationaUy less rigid linear peptide.' Although this 
technique was not applied generally, relying on FAB-MS 
for accurate' molecular weight determinations, it was fouqd 
to be of value in distinguishing between monomeric and 
oligomeric species. • . 

Discussion 

Table. I shows the antagonist activity of the cyclic 
peptides I-XX at the NK-2 receptor (in rat vas deferens 
against the agonist eledoisin). Five of these peptides act 
as antagonists with pA 2 values >6. None of the cyclic 
peptides exhibited any efficacy at NK-1, NK-2, or NK-3 
receptors at 'concentrations up to 10 or greater. A 
number of points can be made relative to structure-activity 
relationships (SAR) from tbe results presented in Table 
L However, although the cyclization process renders 



(36) A number of problem* were encoiui*red vith the amino Acid 
UlaJyaes of both intermediate peptide rea la urn pica and com plewd cyclic 
peptides depending on the method of analyse u*cd. Acid hydrolyiia of 
the unit i gave two peal* which coeluud with Mei and Phe on on ioo- 
exchango- baaed umno acid aflalyaia iyiUm (Water*). The iue of OPA 
ftj derivatuAtion a^nl failed to detect »ccondary amino acida auch 4d 
(/v«Me)Pha and Pro *hereai the ninhydnn baaed equivalent system jav« 
interference between Ctu and aaxcoeine (from fttain bound peptide 
anajy$«). A number of these problems couJd be [&x 9 c Jy overcome win* 
Pico-T4g (Waters) precolumn dcrivatiMtion ayatemi tJthouzh greaUr 
Oxidative I049C9 for Met and Trp wore found. 

(37) Brady i S. F.; Va^a, S- L; Freidioger, R. M.; Schwenk. 0. A.; 
Mendlo^ki, M.; Holly, F. W.; V c b»r, D. F. Practical syruh«i 3 0 f cyclic 
PcpUdsa. with an example of dependence. Of cyclitonon yield upon linea/ 
M<juence. J. Org, Chtfn. 1979, 44, ai0l-3l05. 
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Tuble I. NK»2 Tachykinin Antagonist Activity of Cydo(X-Y-^D-E) 



William* ef ai 



I 

II 
III 

IV 
V 
VI 
VII 
VIII 
IX 
X 
( XI 
XII 

xni 

XIV 
XV 

xvi 

XVII 
XVIII 
XIX 
XX 



Gin 

D-AU 

Gly 

Ala 

Oln 

Gb 

Gly 

Gin 

Gin 

Gin. 

Gly-Cln 

D-Pro-Gln 

Aha' 

Gly-Gln 

Cly-Gln 

Gly^Gln 

Gin 

Gin 

Gin 

Gb 



Trp 


Phe 


rt r 


Phe 


Phe 


Q 


Pbe 


Phe 


D 
t% 


Phe 


Phe 


17 


Phe 


Phe 




Npa> 


Phe 




* Npa* ' 


-» Phe 




D-Trp ' 


Phe 


R 


D-Trp 


l/V-Me)Phe 


R 


D-Trp 


(MMe)Phe 


R 


Phe 


. Phe 


R 


Phe 


Phe 


R 


Phe 


Phe 


R 


Tyr 


Phe 


R ' 


D-Trp 


Phe 


R 


Trp , . 


Phe 


R 


Trp 


* * Phe 


Cly-Leu 


Trp 


*"* Phe' 


D-Pro-Leu 


Trp 


...Phe 


Pro- Leu 


Trp 


Phe 


Leu 



apparent 
pA, (RVD) fl NK-2 



Met 
Met 
Met 
Met 
Met 

"Met 
Met 
Met 
Met 
Met/ 
Met 
Met 

..Met. 
Met 
Met 
Met 
Met 
Met 

-Met 
Met 



* Tachykinin NK-2 antagonist activity againat eledoisin in rat vaa de 



6.7 
NA 

NX 
NA 

4.8 

5.6 

6.0 

4.9 

6.4 

54 

4.6 

NA 

NA 

5.0 

5.0 

6.0 

8.1 

4.7 

4.8 

6.2 



considerably fewer degrees of freedom when compared 
with linear peptides, there , is still the possibility of 
conformational mobility and S AR thus derived from large 
coia/prmationally mobile peptide* must be interpreted with 
thhi in mind/. It does appear however that both ring size 
and amino acid substitution do play an important role for 
NK-2 activity." For the seven peptides IPV and XI-XIII 
which have the native aromatic amino acid sequence Phe- 
Ph<i of substance P, it can be seen that weak, antagonist 
activity can be obtained in some cases (for both bexa and 
hep tapep tides). The glut&mine residue does appear to be 
important for activity. Comparison of the peptides' 
containing Gin or Gly at the position immediately prior 
to the aromatic residues illustrates this, "For example 
peptides III and VTI both have lower activity than the 
corresponding glutaminyl peptides (V and' VI, respec- 
tively)... However, when Gin is present as' in peptide V, it 
id sn ill possible to reduce or abolish activity by introduction 
of additional residues (Gly or D-Pro) as in Xf and XII. 
One of the moat significant substitutions for increasing 
NK-2 antagonist activity in hexapeptide V was replace- 
ment of Phe by L-Trp (peptide l> pA 2 = 6.7). In linear 
peptide antagonist*, substitution of residues by D-Trp 
com monly increases antagonist activity. This increase in 
note ncy at NK-2 was not observed in these cyclic peptides. 
Substitution" of L-Trp (peptide I, pA 2 » 6.7) by r>Trp 
(peptide VIII. p^ ? - 4.9) results in significant loss of 
activity. However when substitution was by r>Trp in 
combination with AT-methylphenylalanine (peptide IX), 
both potency and selectivity (Table II) were affected. In 
particular, activity at NK-1 was increased significantly 
(pAj « 6.6, Table II). For the heptapepttdes containing 
X =! Gly-Gln, sensitivity to" aromatic substitution was 
sim il ar, as can be seen by comparison of pepti des XI, XVI , 
XIV, and XV. Again. L-Trp appears to be preferred to 
the other aromatic residues L-P he, L-Tyr # and D-Trp. 

The reasons for the inclusion of the conformational 
constraint (*>-Gly [ ANC*2]Leu in the initial aeries of cyclic 
peplfides, as described earlier, was intended to provide 
conformational rigidity Ln this conformation ally mobile 
portion of the cyclic peptide backbone. Introduction of 
this lactam unit in the C-terminaJ hexapeptide sequence 
of substance P is compatible with high NK-2 agonist 



Table II. Selectivity for Different Tachykinin Recept or Type** 

cyclic •• '* pA ? valued 

peptide NK4 (GPP NK-2 (RVD) NK-3 (RPV) 



IX 

X 

xiv 

xvn 



NA 



6.6 i 

7.0 * 

NA 

5.7 

(±0.1, n< 



4) 



6.7 

<CL = 6.l, 7.2) 
aJope 1.0 
6.4 

<±0.3, n - 3) 

5.1* 

5.0* 

3.1 - s . 
(CL - 7.6, 8.4) 
slope* 0.83 . 



4.9- 



5.7- 



5-6* 
5.4* 
5.L . 
(±0.2, n m 4) 



* pAi veJueB were obtained by the line of best fit <le**t square*; 
to the Schild regression (ref 41) uains three or more concentrations 
of antagonist with *le<ioi*in as agonist, where the value* in parenthesea 
denote the 95% confidence limit* (CL). Otherwise the pA 7 v*Ju*e 
were the mean of three or four observation* obtained from the 
standard equation for the Schild rBgrewion analyst*, awuming unit 
elope, where the values in parentheses denote the standard error of 
the mean (±), The veJuea marked with ♦ were obtained from a ainjle 
concentration of an lagoniat from theotandard equation for the Schild 
regression anaJyato, aaauzning unit dope* GPI «* guinea pig ileum. 
RVD = rat vaa deferens. RPV « rat port*] vein. NA - not active- 
pA 3 < 5.0, 

activity. However, the conformation which this imposes 
is clearly not optimal for activity' at NK-2 receptors as a 
20-fold increase in activity ia observed in I when it is 
replaced by the native Gly-Leu sequence in XVII. The 
cyclic peptide antagonists are not congeneric with the linear 
peptide agonists and the SAR is clearly different for these 
two series. Introduct ioo of the lactam unit into the native 
Gly^Leu sequence of [Clp 5 ]SP6-u also results in low of 
agonist affinity of some 4- fold. 20 However a more dramatic 
difference w observed in these two series of compounds 
when one examines the effect of introduction of D-Pro in 
place of Gly. As an agonist, the activity 0 f 
[Glp B ,Pro 9 ]SPa-u'"t NK-2 is comparable with that of 
eledoiain. w In the cyclic peptide XVII, replacement of 
the Gly residue with D-Pro almost totally abolishes activity. 

13S) K-ereen, I. L.; McKnight. A. T; F<xi*t, A.; Young. 3.; 
B. J, Pharmacology of tha tachykinin lyaLam. la Neusvpcptidt* cu/ 
Their Recepton, Alfred Bemon Sympoeium 29; Scbw<ji, T^ Uo yy 
Hildt*d, I. M. ( Re -if eld. J. F. f Mank*faArd PubIiflhio« Co.; C«penh«rf*n' 
1990: pp 363-372. * ' 
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Table III, Syntheili <md Characterisation of Peptide Intermediate, 
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Cyclic * 
peptide 



-10 



terminal 
intermediate 8 . 



internal residue 
umino acid 



I ' ' a Boe-Gln * 
13 b Boc-D-AJa 

III c FmooGIy ' 

IV d FmooAJa 

V « Boc-G1d 
Vt f Boc-Cln 
VJI ( FmooGly 
Vnr a Boc-GUi * 

IX I.. Boc-GUi 

X . J .'Boe-Gln " • ' ■ . 
XV 4 . k FmooGly ' 

XII 1 8oc-(/?J-GIy(ANC'2]Uu' : 

XIII Vm' Boc-'Aha 

XIV - - n ; Boc-Gly ' 

XV '* - o ' Fmoc-Gly •*■ " £ .-' : i: 

XVI p'-> Fmoc-Gly ^i*' - ' 
XSni y, q . Boc-Cln . ;fi ^ v 

XVIII r'.- Boc-Cln r,. 

XIX i\ a v Boc-Gln * rS 
Xff ../.) *t Fmoc-Leu . . [ .:. 



amino acid analysts" 
reference 8 



AJa 
' Gly 
Gly 
Gly 
Ala 
Leu 
Leu 
AJa 
Leu 
Leu 
. Aia 

Ala 

Ala 

Leu ' 

Ala 

Ala 

Ala^ 

Ala 

Ala . 

Ala.. 



Glu, 0.91; Phe. 0.92; Aia,' 1.0 

AJa, 0.89; Phe, 1.92; Gty, 1.0 

Phe, 2.06; GJy, 1.83 

Ala, 0.94; Phe, 2.06; Gly, 0.09 

Phe, 2.11; Ala, 1.0 

ND . . 

Nt> ' . • .. • • 

ND" ' *.« : 

ND" 

ND . * , .... ... : 

Gly, 0.99; Glu, 1.03; Phe, 2.01; AJa, 1,00 
Pro, 1.04; Clu, 0.93; Phe, 1.97; AJa, 1 00 
, Phe. 1.73; Ala, 1.00 
ND y>. .... r . 

Gly; 1.02; Phe. 6.89; Met/l.lO; Ala, 1.0 
Oly, 0.97; Phe, 0,90; Met, 0.98; Ala. 1.0 

- ;x y»i:;.:.yj u - • : 
ND •■■^■•.'7rfv:.;r... i" ■ - 



cleavage 
procedure 



HPLC, 6 r R (min) 
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* B 
B 
A 
A 
B 

\B 
A 
B 
B 
B' 
A 

'A 
A ■ 
A 

.'a.; 

A 

b : 

B ' 
B " 
A' : 



16.3 
19.2 



16.2 
17.8 

16.2 
18.1 



yield* 

j % 

33 
35 
59 

50 ; 

26 
23 
33 

27 • 
12 ; ■. 
U - 
38 • 
49 

43 ' 
.22 

.9.2 / 
40 
ND 
5,8 ' 

.ND." 

• - : g ™ Z etarUDg ream. * Retention time of acyl hydrazide (sequence not aa Co io). 

Table IV. Cnaracterizatioo of Cyclic Pepu'dea t-XX ■■ ; / ; '■' *' ' ' v i • •" : \ 



16.5 ' 
,17.8 
*T6.8 S 



13.2 
L4.2 
13.4 
13.8 
12.3 
14.2 
14.7" 

in 

15.7 

15.7 

16.1 

12.6' 

12.6 

11.5 

14.0 '.' 

' 13-0'.'; 
-.13.0';.; 

15.0 
13.2 
13.7 V 



cyclic 
peptide 

111 
HI; 
IV, 
V; r. 
vx 

VII 
VI (1 

ix 

x: { 

Xllf** 

xnr ' 

XV- 

xvi: . 

XVTl 
XVIII 
XIX 

XX ... 



formula 



. , FAB-MS , ; - KPLC,< . rt , V/, - 
M .,<M + , t R . % ' • \ L TLC (ff y y 

. ' (min) purity' . A B C - 



790.788* 
: 693,715-' 
' 679,677* 
. 693, 691* 
750, 748* 
800.728* '• 

r, 729 

• ,789, 787* 



16.88 
' 19.39 
18.45 
. 18.92 
1637 
tfl.5l 
18.51 
20.22. 
.17.93 



99.2 
>99.S 
. • 95.7* 
>99.5 
>99.5 . 
97.2 
97.8 
; 99.2 



0.27- 
0.69' 
0.S4. 
0.52 
0.38 
0.40 
0.54 
0.47 



0.49 
0.79 
0.78 
0.78 
0.68 
.0-56 
0.57 
.0,79 



'C*H«N«0*S' . 
QaH<6NflO*S } 

.(otKuNiOrS ... 
..CoH^NtOtS a; 

C4oH M NgOtS ' • • f t o i ' 
, iCiH^OtS , -;;"-825,- 801* 

r c«H^ I8 or 4 si;;ifl27< 4 ;::; , ; < 

■C^H^OjS . . 807/865* vw UlW UAl 

' piHs^NiCW"^'*' 825/321*' 
T%Hs4NaO,S^ v *84€ t « S44* 
C«HaaN»0|5 844*' ifry: 
- CiH^O^ 'xr 763 ( 76t* ' 
CoH^N^S/^ 803.801* 
CiiHMNaOsS^O^ B03. 801* 
: . Ci»H47N70«S iV/ . 706 



amino acid analyser - -* 



...,,95.1. 0.22 .0.53 
.22.35^/90^.0,16 0.41 
16.53! , .V;95-9..0:i6 0.35 



17.20 
: 15.41 
' 16.87- 
■"16.73 
• I6.to 
1B.L3 
17.18 
18.13 



>99,5 

-94.1 
'"••''•"97.5 
>993 
' 99.0. 
i 98.& 
«• • 97.0 



0.i9 ;o.56 
*0.06 : '0.13 
.0.06 r 0.t3 
0.12^0.29 
0.15^0,34 
0.14 '0.30 
"021" 0.51 
0.08. 0.11 



0.23 
0.64 

0.40* 
0-38" 
0.44 

0.52: 

0.32 
0.48 
0.22 , 
0.19, 

0.11 " 
0.22 
0.05 
0.07 
0.10 
0.11 
0.10 
0.17 
0.18 



0,86 (B) 
.0.92 (A) 
'0.91 (A) 
0.92 (A) 
0.92 (B> 
0-95 . £B) 
0.89 <B) 
0.95 (B) 
0.88; (B) 
0.86 . (B) 
0.86 (A) 
^8i;' t (A) 
0.88 (A> 
.0.82 ' (A) 
.0.84 * (B) 
0.&"(B) 
0.88 "(B) 
0.87 "(B) 
0.91 ' (A) 
0.54 " (A; 



Glu. L, 
Ala.0. 
Gly. 0 
AJa. 0. 
Glu, 0 
Glu, I 
Gly. 0, 
Glu, 0 
Glu.l 
Glu, 1 
Gly, 0. 
Pro, 1. 
Glu, 0. 
Gly, 1 
Glu. 1 
Gly. 1 
Clu,0 
Glu/ 1 
Glu, 1 
Glu, 1 



.00; Phe, 1.03; X* 0.96; Met, 0-97 ' 
95; Phe, 2.05; Met/2.12 • c; f ' M 
.95; Phe, 2.06 • . .V 

.96; Phe, 2.04 - : : ^ ■•..•;-.**"; 
.98; P^e, 2.05, X.' 1.08; Met. 0.97 
.08; Npa/0.77; Phe.-l.03; X/ 1.16; Met, 0.96 
.97; Npa/ 1.05; Phe,' 0.96; X,' 1,02 ' -J 

.96: Met, 1.04; Pbo r 0.99 ■ v' 

.04; MeU 0.96- ■ . 7 v * ■-./,'- 
.99; Met,2.0l^ / : ^f • 
,93; Glu. LOO; Phe,. 2.07 ' : ' 
01; Glu. 0.99; Phe, 2.00 ]' ' 1 * 



.01; Ulu. 0.99; Phe, 2.00 t . * j. r 

.05;,Glu. o:99; Tyr, 0.97; PheTo^' ^ % 
.Ol/Gly;i.OI;Ph«; j.03; Met/0.95 v ^ 'iff 1 
.04; Glu. 0.96:'Phe, LOl; X/ 0.97; Met,'lo9^ 
.M; Pbe/i;02 i 'Gly/l.03;'Le{ I : 0.99/: f£ 
-05; Phe, 0.92; Pro! r.13; Leu, 0,97 1 T v -sW 
.01; Pro/1.08; Met, 0.93; Uu/1.01; Ph'i 0,96' 
.03; Metj 1.03; Leu, 0.96; Phe. 0.98; Trp.' 0.94' 




, - - — * »^1€ fifil^ctlVlty (ioba ivi ouuic tncatj : 

cyclic peptides. It can be seen that peptides I and XVII > 
«how good selectivity for the NK-2 receptor compared 
w ^ ^K-?.WJd .'However, activity u not restricted 
to NK-2 in thea'e cyclic peptides! Substitution of the L-N- 
met|ylpheriilaJwiine' residue into VFTT gave IX with 
merged ftfitagonist activity at NK-1 and NK-3 receptor 
eubt^ee. However during the cyclization of thia peptide 
the c odecapeptide X was also isolated and demonstrated 
selecMvity for NK-1 receiptor? in guinea pig ileum (GPT/ 
pA 2 h 7.0). Therefor© not only can cyclic peptides give 
pote jit NK-2 antagonists, but peptides IX and X illustrate ' 

' ■ ^ — ~ ti t v 

Uch^iiffi'S,': « T i ^*« u '"- S l J l C"»P"iw» * At re««p(of . for 

nam. imp port * 1 vel ° of ,b " ,at J - 



i: ? : T.i|»-^':ir 

Conclusion-. 



Cyclic peptides witKtechylunin an tagbnia t activity Have 
been identified with amino acid residues similar to the 
native peptide sequences". NK^ 2 and NK : 1 selectivity has 
been shown in peptides XVII and X, respectively. Peptide 
XVII ia one of the most potent NK-2 selective antagonists 
reported to date (pA 2 - 8. 1). The peptides presented here 
illustrate the scope for activity where the range of 
substitution is not exhaustive by any means. There is'a 
real prospect that improved activity might be achieved in 
these peptides by optimization of the amino acid residues. 
These antagonist*, together with the NK«1 -selective 
antagonists of Ward, 13 will provide a means of probing the 



i 
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conformational requirements of the binding domains in 
or near the NK-2 and NK-1 receptors for the tachykinins. 
The cyclic peptides in particular, by virtue of the lack of 
conformational mobility, axe amenable to conformational . 
analysis by NMR and X-ray techniques. " 

Experimental Section <. 

. ... p , . . 

Abbreviation* used follow IHPAC-TUB nomenclature.* 0 Ad- 
ditional abbreviations are <Jl)-G]y[ANC-2]Leu, u <2S)*2-f <3^)- 
3'an)ino-2^QpyngUdm4'yl]-4-roethylpentaiioyl; Aha, 6~ami- 
nohiitanoic acid; Npa, L-3-(l-naphthy])aIanins; TFA t triiluoro-' ' 
acetic acid; HPLC, high-performance liquid chromatography; ■ 
t r, iretenUoo time (min) in a standard 30-min gradient; RP-18. ; 
reviirte*phaae octadecylsilyl; DCC, dicyclohexylcarbodiimide; I 
DCU, dicyclohe*ylurea; DMF, dimethylfonnamide; HOBt, 1-hy^ A 




app<Li-atus and are uncorrected. NMR spectra were recorded on 
a Broker AM-360 arid^AM-250 (360 and 250 MHz) spectrometers 
and expressed as parts per million from Me^Si as standard. 
~ : KPLC analysis wa§ performed on a Waters gradient system — - 
equipped with variable-wavelength detector and a* Shimatzu 7r ''* 
integrator. A /t-Bb'ndapak C-18 (4.66 i.d. x 25 cm) column was 
used. Compounds were detected at 254 and at 234 am. TLC 

was performed on precbated silica gel plates: Merck/ UV 264 

The following solvent systems were used: (A) CHCVMeOH (9: 
1), (3) CHCls/MeOH/AcOH (85:10:5), (C) CHCU/MeOH/HjO 
(90:10:1), (D) n-BuOH/EtOAc/AcOH/H 2 0 (1:1:1:1). Peptides J 
wens "visualized by uiohyoMn .spray 'and .CVtoUdine/KI. /^:^* *' 

N-{*<i^Butvxycarbonyl)-j^ 
EiUr (1). To a solution of Boc-O-Met (2.0 g,.8.02 mmol) and : ■ 
HOEit (1.22 g, 8.00 mmol) in DMF (lOmL).and CHjCU (20 mL). - 
cooled to Q °C was added a solution of DCC (l«65 g, 8,0 mmol) 
in CHjClj (5 mL). After. the solution had been stirred at 0 a C- 
for 30 min, LeuOMe-HCl (1.46 g, 6.04 mmol) and NMM (0,88 " " 
raL, 3.02 mmot) were added, and the solution waa stirred at 0 *C 
for a further 30 min and then at 5 a C for 16 h. The'aolution was 
filtered, and the filtrate together with CHsClj' washings were 
evaporated to dryness. The residue waa dissolved, in ethyl acetate 
(50 mL) and was washed successively with X0% "aqueous sodium 
carbonate (40 mL, 25 mL), water, 10 ?S aqueous citric acid (25 
mL. 25 mL)V water, and saturated brine,. All aqueous washings 
were back-extracted with ethyl acetate and the combined ethyl 
acet&te phases were dried oyer NajSOi and evaporated to an oil. 
Diethyl ether (40 mL) waa added to dissolve the residue. The 
solution was filtered to remove. remaining DCU and on evapo- 
ration to a small volume the product jV-(ierf-butox.ycarbonyl)- 

r>m*thionyUL- leucine methyl ester (1) crystallized (2.67 gr 

S89Si: mp 57.5-60 °C; W aB 0 -«,l5* (c - 1. MeOH); *H NMR 
(250 MH2 f d«-acetone) 6 7.54 (1 H, br d, CHCONTf), 6.2 (1 H, br " 
d, 0C0N/7), 4.5 (1 H, m, NHCtf), 4.2 (I H, m, =NCrV>, 3.65 (3 
H, a, OMe), 2.45 (2 H, t r SC/ty, 2.05 (3 H, s, SMe), 2.1-15 (5 H. 
m, C/jCftS 4- CHCH 2 C/f (CHj) 2 ) r 1.4 (9 H, s, (CJ/j>s), 0-9 (6 H, 
dd. (Cff,)|CH). " ' ' • • . 

(2:a-2-((3/0-3-[(ee/t-Butoryca4rbottyI)amitJol-2-oxopyrro- 
lidin-l-ylJ-4-methylpentanottf Acid (3). Compound 1 (45.94 
g, 0.122 mot) was stirred with methyl iodide (220 mL) for 3 days. 
The .nethyl iodide was removed by repeated evaporation and 
dissolution in CH a CU Uhree times) to givo a foam. This crude 
5-roethylaulfonium iodide (2) was dissolved in DMT/CHiCI; 
(2'UO mL; 1:1) et 0 °C under an atmosphere of Nj and sodium 
hydride (t0 65 g. 55-60% dispersion in oil, 0,244 mo!) added, 
Afteh stirring of the solution at 0 *C For 2 h, methyl acetate (375 
mL) luid ethyl acetate (435 mL) were added, followed by water 
(11 niL). The mixture waa stirred at ambient temperature for 
16 h ^nder an atmosphere of nitrogen. The product was eitracted 
intoljater (2* I L)and 1% sodium carbonate < 1 L). The aqueous 
phasi-s were acidified by addition of solid citric acid to pH 4, and 
the pioduct was extracted intoCH 3 C!i (three tiroes). The organic 
phasls were washed separately with water and saturated brine 

(4(\\ Nomtivclature and *yn>boliam for amino adds and peptidm- Eur. 
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and then combined and dried over Na?SO«. Removal of the 
solvent in vacuo gave a viscous oil which crystallized on standing 
with ethyl acetate/hexane (1;1) to give crude 3 (15.75 g). 
Recrystallixation from hot ethyl acetate/ heiane and cooling to 
. 5 *C gave pure 3 (10,25 g, 27%): mp 163-168 °C dec: lal^o 
+21.3° (c = I, MeOH); 'H NMR (360 MHz, CDCb) & 5.7 (1 H, 
br a, Nff), 4.77 (I H, t, J = 8.3 Hz, CrYCOOH), 4.22 (1 H, br a, 
CffNH), 3.44 (IK dt, CtfxH*N), 3.2 (1 H, t V 8.9 H*. CH JfaN). 
2.5 (\ H, m, C/f A HaCH I N) f 1.8 (1 H. m, CH A >Y B CH,N). 1.7 (2 H. 
U "J - 7,9 Ht, CHCK 2 CH). 1.49 (1 H. m T Ctf(CH 3 )a), L47 (9 H, 
s. (CffjhO. 0-94 (6 H, dd. J - 6.65 Hz. (CtfjhCH). Anal. 
(CiftHJNjOi) C, H. N. , - i.- 

(25)-2-[(3^-3-[[(d-Fluorenylmethoxy)cajrbonyl]amino]- 
2-oxopyrrolidina*yl]-4-iDethylpentanoic Acid (5). Com- 
'* pound 3 (0.52 g. 1.65 mmol) was treated twice with 2 M HCl/ 
' dioxane (5 mL) (1 h r 3.S h) untU do starting material waa visible 
by TLC (B). The solvent waa evaporated in vacuo and residual 
; solid washed with ether to give (25)-2-[(3if) : 3-amino-2-Qiopy* 
\ rrolidin-t-yll-4-methylp«ntaoolc acid hydrochloride ^). 
0,41 g (99%), mp 207-209 °C- This hydrochloride salt (0,34 g. 
136 mmol) was dissolved in 10% aqueous Na 3 COo (5 mL) and 
the solution cooled in an ice bath. A solution of 9-fluorenyl 
chloroform ate (0.39 g. 1.51 mmol) dissolved in diotane (2.5 mL) 
' .was added, and after stirring of the solution for 2.5 h at' room 
temperature it was poured into water (75 mL) and washed with 
diethyl ether (2 X 3 mL). The aqueous phase was acidified by 
addition of concentrated hydrochloric acid until pH 1-2 and the 
product waa extracted with ethyl acetate (2 x 50 mL); The organic 
. phases were washed separately with water, combined, and dried 
over sodium sulfate. E vapora tion of th e sol vent gave an oil which 
1 crystallized oa atanding. The solid was washed with hexane and 
, dried to B ive 5 (0,32 g, 53%): mp 130 °C; [aP D +18 c (c « 0.2, 
. MeOH); »H NMR (360 MHz. CDCU 5 7.74 (2 H, d, J * 7.5 Hx. 
.'aryl), 7.58 (2 H, d, J « 7.4 Hz, aryl), 7.39 12 H. t, J = 7.3 Hz, aryl), 
7.30 (2 rl,l r J 7.5 Hz, aryl), 6.66 (1 H, v br a), 5.67 (1 H. d, J 
• ^ s.4 Hi), 4.55 (1 H; br t), 4.38 (3 H. m), 4.21 (1H.U - 6.95 
'Hi), 3.7 (1 H, W 0), 3,48 (1 H, br t) ( 2.66 (1 H. br 3), 1.89 (1 H, 
br t), 1.77 (2 H r t, J = 6.9 Hz), 1.49 (1 H. br m). 0.94 (6 H, t ( J 
.»7.15Hx,(Cr7 3 ) a CH). Anal. (CaHaN,0j-0.25H,O) C. H. N. 
/ CycIo(GIn-Trp-Phe-(R)-Gly(ANC-21Leu-Met) <T). Pro- 
cedure B. (a) Functionallzed Resin 4-HOCH?C < H 4 CO-AU- 
resin (HOMB-Ala-resin) (6). Polydiraethylflcrylamide resin 
(Cambridge Research Biochemicais; 2,% g, 2.96 mmoi of func- 
tional sarcosioe methy! eater) was treated with diaminoethane 
for 16 h. The resin waa washed on a Vega TM 250 6 solid-phase 
peptide synthesizer with wash cycle A (DMF, 10 x 1 min; 10% 
diisoprgpylethylamine in DMF, 3X1 min; DMF, 10 x i min). 
To the resin was added the preformed symmetrical anhydride 
of Fmoc-L-Als (8.9 mmoi) dissolved in DMF (20 mL) for 40 min. 
The resin was washed with wash cycle B (DMF, 10 X t min; 20?& 
piperidine in DMF, 3 min + 7 min; DMF 10 x L min) followed 
by addition of the preformed aymmetrical anhydride of 4-(hy- 
droxymethyUbenzoic acid (8.9 mmol) dissolved in DMT (20 mL> 
for 40 min and finally wash cycle A. " . .. 

(b) Intermediate Reain Boc-(A)-Gly[ANC-2]LeuMet- 
OMB-resin (7). The resin (S) was acylated with the preformed 
symmetrical anhydride of Fmoc-Met (8 9 mmol) in the presence 
of NMM (8.9 mmol) and a catalytic amount of DMAP (0.89 m mol) 
»□ DMF (20mL) for 20 min, followed by deprotection with wash 
cycle B and acylation with f2S)-2-[(3fl)-3-((buwxycarbonyl>- 
aminol-2-oxopyrTolidiri- l-yll-4-methylpentanotc acid [Boc-</2)- 
Giy(ANC-2]LeuOH H (3) (5.9 mmol)] [previously preactivated 
with DCC (5.9 mmol) and HOBt (5,9 mmol) for 30 min at 0 °C 
tnCH a Clj/DMF(2:l)} in DMF (25 mL) for 16 h. Exc*as reagents 
were then removed using wash cycle A followed by washing with 
CH»Cl a . * 

(c) Bvc-CJa-Trp-Phe-(in-Gly[ ANC-2]Uu-Met-OMB- res- 
Ju (8a). The «e^-butoiycarbonyl group was removed from 7 by 
treatment of the reain with TFA/CH 2 Cli (1:1) containing 1% 
ethanedithiol (5 and 25 rain). The reain was than washed with 
CH:C1; followed by wash cycle A and coupled with the preformed 
symmetric^ anhydride of Fmoc-Phe (.8.9mmol) for 1.25 o. .Miet 
vaahing with DMF (5*1 rain) the resin was divided Into two 
separate portions. One portion (2.4 mmol) -was de protected tiaing 
wash cycle B followed by acylation with the symmetrical 
anhydride of Fmoc-Trp (7.08 mmol) for 45 min in DMF (15 mL). 
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The .*esin waa washed with waah cycle B, acylated with Boc- 
Gln-ONp (7. 10 mmol) in DMF (30 aL) in the presence of HOBt 
(7.H mmol) for 120 nun, followed by washing with waah cycle 
A. Finally the reain waa washed successively with CH t CU and 
diethyl ether before beidgdried under the vacuum of an oil pump 
to give protected reain 8a (4.38 g). Amino add analysis; (see 
Tabl* JUh 

(d) BQC-Cln-Trp-Phc-(H) GlyfANC-^JLeti Met-KHNHi 
(9a) (Procedure 8K Reain da waa treated with 5% hydrazine 
hydrttte in methanol (70 mL) for 16 h. The solution waa filtered 
and filtrate evaporated to drynesa followed by desiccation of 
the residue under the vacuum of an oil pump over concentrated 
sulfuric acid (24 h). The protected peptide hydrazide 5a was 
obtained. 1.71 g, estimated purity ■ 95 % (HPLC, £r - 16.2 min). 

(e) blo-Trp-Pha-(i?)-GlyCANC2]Uu.Met-N, Hydrochlo- 
ride (Ua). The protected peptide hydride 9a (1.69 g, 1.83 
mmol) wad treated with anhydrous TFA (100 mL) for 30 min. 
Evaporation gave a foam which waa diaeolved in DMF (40 mL) 
and looted to -25 a C under an atmosphere of nitrogen.* HCl 
(12.7 M) in THF (0.72 mL) waa added followed by isopentyl 
nitrite (0.37 mL, 2.75 mmol) And the resultant solution stirred 
at -25 °C for 2 h to give the peptide acyl azide 11a (HPLC, f* 
■ 13.0 min). . 

(OCyclo(Gln-Trp-Phe-(i2>-Cly[ANC-2]Leu.Met (I). The 
solution of peptide acyl aside Ua waa diluted with precooled 
(-25 *C) DMF (3000 mL). TriethyUmine was added dropwise 
until pH 8.5 (ca. 10 mL) and the aolution waa left stirring at -25 
°C for 20 h. The solvent waa removed by evaporation in vacuo 
and the residue, dissolved in CHC! 3 (175 mL), was washed with 
water (2 x 175 mL). Each aqueoua wash was back- extracted 
with fresh CHC1 3 (50 mL). The combined CHCli phasea were 
dtied over NajSO* and evaporated to dryneas. The residua was 
chxocnatographed on silica gel (E- Merck, Lobar, Lichroprep, 
aize C) eluting the product with a linear gradient from CHCh 
(5O0 at) to CHClyMeOH/AcOH (85:10:5* 500 mL) at S.4 mL/ 
min, with 2-mitt fraction collection. The fractions containing 
product (46-51) were combined, evaporated! and chxomato- 
graphed in three separata portions by reverse-phase chroma- 
tography (£. Merck, Lobar, Lichroprep, RP-S, aize C). The 
product waa eluted with a linear gradient from H?0/CH a CN/ 
TFA (90:10:0.1, 1000 mL) to H a O/CH a CN/TF A (10:90:0.1, 1000 
mL) ti E 5.4 mL/min, with 2- min fraction collection. The fractions 
which contained pure material (81-86 incl) were 'combined and 
freeztt-dried to give F f 678 mg (see Table IV for analytical data 
of finid peptides).*: '.■ ^. ^ * • . - v-d w - 

Preparation of. CycEo(r>AJaO?he-PheM#)-Gly[ANC-2]* 
Len-Met) ( a )Boc r>Ala.Phe-P he- {^-CHy[ANC-2] Leu- 
Met. OMB-Gly- reain (fib). Stock ream Boc-(rt>Gty[ANC-. 
2]LeU'OMB-Gly-resin (0.63 g r peptide loading - 0.56 mmol/g 
determined by amino acid analysis, 0 35 mmol) prepared in an 
analogous' manner to that described for 7 waa deprotected by 
treatment with 50 % TFA in CK<fih (containing \ % etnanedithi- 
ol, 5 »•: 25 min) and the reain waa neutralized. (wash cycle A). 
Succensive acylation and de protection cycle? with (FmocPhe)?0 
(2,08 eamol, 1.75 h), (FmocPhehO (2.08 mmol, 2.25 h), wid (Boc- 
D-AlahO (2.08 mmol, 1 hj gave Sb» 0.71 g (0.32 mmol, Gly). 

(b) 3oe t>Ala Phe^Ph^(ir)-Gly[ANC-2]Leu-Met NHNH, 
(9b). A portion of Boc-protected reain 8b (0.53 g, 0.26 mmol of 
Gly, 0.22 mmol of Ala) waa treated with 5% hydrazine hydra ta- 
in methanol (16 h). The reaidual ream waa removed by filtration, 
which, after washing and hydrolysis indicated that >9B% of the 
peptide had been cleaved. The filtrate and methanol washings 
were avaporated in vacuo to remove remaining hydrazine to give 
crude Boc-protected herapeptide acyl hydrazide 3b (0.23 
mmolj: TLC (B) R f (CMA) 0.53; HPLC (tn - 19 min); estimated 
puriW =■ 95%; amino acid analysis, Ale, 1.02; Phe, 198; Met, 
1.38.*" An analytical sample waa partially oxidbed by treatment 
with ffcOi in acetic acid which gave peaks on HPLC at 17.3 and 
19.2 nl to, indicating that the un purified sample of 9b above did 
not cd dtaia any methionine sulforide- 

(c) ! Cyclo(D-AU-Pha-Phe-(IR-GlytANC.2]Leu-Met <II). 
Crude! 9b (0.32 mmol) waa treated with 2.2 M HCl/dioxane (2 x 
30 milii) and evaporated to dryness (HPLC, 14.8 min). The 
residual hydrochloride salt (242 mg,0.30 mmol) was dissolved in 
DMF (6.4 mL), and 4,2 M HC1/THF (1.5 mmol) was added and 
the ccljled solution (-25 fl C) stirred und«r an atmosphere of 
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nitrogen while isopentyl nitrite (0 06 mL, 0.45 mmol) was added. 
After a Luring at -25 "C for 4 h the soludop waa diluted by addition 
of DMF (500 mL, 0.32 mmol, precooled to -25 °C) followed by 
TEA (2.2 mL) to pH 8 and the solution kept at -30 °C for 64 h 
The solvent was removed in vacuo at 30-35 °C and the residue 
chromatographed on silica gel (Merck, Lobar, size C, Si 60) at 5 
roL/mta eluting with a gradient from CHC1 3 (500 mL) to CHCU/ 
MeOH/AcOH (65:10:5, 500 mL) to give the purified II (95.5 mg, 
43.1%): HPLC, x ft - 205 min; TLC (B) R ( (CMA) 0 63, single 
apoL The cyclic peptide waa shown to be monomeric by 
chromatography on Sephedex Q~ I 5 (estimated molecular weight 
= 575) and FAB-mass spectrometry. AnaL (CjaH^NsOa-O.SH-O) 

CRN.-- •{ ■ . • 

Cyclo(Gln-Ph^Phe-(-R)-Gly(ANC-2]Leu-Met) (V). Meth- 
od 1. Procedure B» Peptide V was prepared in an analogous 
manner to that described for I (Scheme II, procedure B): amino 
acid analysis, Glu, 0.98; Phe, 2.05; Met, 0.97; FAB-MS negative 
ion m/e 746 (M - H), positive ion' m/e 750 (M + H). ■> 

Method 2. Attempted Alternate Ring- Forming Strategy'. 
H (J?)-Gly[ANC 2]Leu.Met-GIn.Phe-Phe-OMB-Ala reflin, 
Resin- 6 (0.98 g P 0,89 mmol) waa acylated successively with 
(FmoePheijO/NMM/DMAP (1:1:0.1) (5,2 mmol, 20 mio). 
(FmocPhe)^O (5.2 mmol, 45 min), and Fmoc-GloONP/HOBt (I: 
1 ) (2.85 mmal, 1.5 b) to give the protected resin- bound tripepdde 
(1,37 g) A portion of thia reain (0.66 g) - waa acylated with 
(FmocMet)jO (2.6 mmol, 65 min) and- Boc(fl)-Gly(ANC-2)- 
LeuOH/HOBVDCC (1:1:0 (0.88 mmol, 60 min) and finally 
deprotected using 50% TFA/CH^Cl? (contairung t % ethanedithi- 
ol, 5 + 25 min) washed with CH t Cli and diethyl ether and dried 
in vacuo to give 0.87 g of the dried reain:' amino acid analysis, 
Glu. 1.1CH Ala. 1.00 (0.42 mmol); Phe, 2.05. ^. • * ' ' - : > • 

Attempted Cyclizatton To Give-V. The dried r«in above 
was treated with 5% hydrazine hydrate in mechaool (16 b) at 
room temperature and then the solution' waa' filtered. The 
reaidual reain was was had with DMF (50 mL), and the combined 
filtrates were evaporated to give f/?)-Gly[ANC-2)Leu-Met-GUj- 
Phe-Phe-NHNHj (475 mg;HPLC r f a - 12-8 min, estimated purity 
>95%). The S hydrazide diaaolved in DMF (12.8 mL) waa cooled 
to -25 °C under an atmosphere of nitrogen, followed by addition 
of 7!i M HCl/THF (0.42 mL» 3 mmol) and iaopeotyl nitrite (0. 122 
mL, 0.9T mmol).- After 3.5 h at -25 °C HPLC indicated that 
formation of the acyl'azide "(16.3 'min) waa almoet complete. The 
solution *waa diluted with precooled DMF (600 mL) and TEA' 
(1.3 mL) added until' pH 8.5. After 3.5 daya- the solvent was 
removed in'vac\lo; however no material corresponding to cyclic 
peptide had formed (aa indicated by both TLC and HPLC), : 

CycYo(Gln-Npa-Phe-(J0^1y(ANC-2]Leu-Met) (VT)r The 
yV-ieri-butoxycarbonyl-protected peptide hydrazide 9f was pre- 
pared in a manner Bimilar to that described for 9a.' Fmbc-Met, 
Boc-(/?)-Gly[ANC-2JLeuOH, and Fmoc-Phe were coupled onto 
the solid* phase resin under conditions identical with those 
described for I: At the appropriate stage in the aolid-phoae 
gyntneaia'was coupled /V-((9-fluorenylmethory)carbonyl]-L-2- 
(l-naphthyl)ajanine [Fmoc^Npe, prepared from commercially 
available L-3-{l-naphthyl)alanine (CbemaJogj by treatment with 
fluorenylmethyl chloroform ate in aqueouaaodium carbonate/mp 
181-183 *C. (al^o -78-6° (c = 087; DMF)] as the preformed' 
dymmetrical anhydride for 1.25 h. Boc-Gb-ONP waa finally 
coupled to the resin after prior removal of the Fmoc group (wash 
cycle B). The crude peptide hydra2ide (9f) waa obtained by 
treatment of the reeln with b% hydrazine hydrate in methanol 
for 16 h followed by filtration and evaporation of the filtrate and 
exhaustive drying in vacuo. Removal of the iV-te^-butoiycar- 
bonyl group from the peptide hydrazide waa performed with 2,3 
M HCl/dioianc followed by cyclization under the standard 
conditions described earlier. Purification of the crude cyclic 
peptide waa performed using silica gel chromatography (E. Merck, 
Lobar, size C, column gradient from chloroform (1000 mL) to 
chloroform/ methanol/ acetic acid (85:L0:5; 1000 mL) followed by 
recrystalliiation from ethyl acetate/heiane to give VI with an 
estimated purity = 97.2% (HPLC). 

Cyclo(Gla-D'Trp.(JV.Me)Phe-(iZ)-G!y[ANC'2]Uu-M«t) 
(lX)andCyclo(Gln.r>Trp-(.V-Me)Pb e -(i?)-Gly[ANC-2]Le^ 
Met)! (X). Resin 7 was deprotected and coupled sequentially 
*ith Fmoc-(iV.Me)Phe (1.5 h) and Fmoc-D-Trp 1 22.5 h) aa their 
corresponding symmetrical anhydride and Boc*Cln-ONp (2 h) 
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coupled in the presence of HOBt After washing, the P™**£ 
£ P t da wo. r«,°v*d from the , reain - by 
LVthanoUe hydrazine hydrate (procedure B . The MProU xted 
wotEe hydmide * obtained after •vaporation ^ 

(^Bondapak) indicated the presence. of two major P'^ucte. 
TWwe?.»eparated hy .Ok. |«1 eruomatog«pby *" d L ^*". 

*' £ :K;?t628 (M + Na)] and gel filtration (Sephadex 

- -fl„^sT»imilax to that described earher except that Fmoc .was 
"iaXpo^the^ 

" S^SSp^pIwaa. removed. prior to removal of the pepude 
..j r 3TSi«)«4-pta"-" riB to give PePti^^rt 1 ??^? 

uSSSS«*moU obtained during the P«P^? n .f l^f- 
% (.Z ntMnrfiif HOBt in DM? (20 mL) for. 60 min.r fVKfr 
V depfoOS^ 

^prefOrmeAsynimetrical anJbydride of If^VrKanESS 
v 1 b and finally deprotected (wa=bcyd« Bj^Tbe.deprotecMci 

^oroform^ 
with eatimated purity = 97.5%. ({£ LO-th..:.. £ ■ -vO ,. l Th» 
Cvclo(Cln.Trp-Phe-<Sly-Le«-Met)<XVlI). Method 1. The 

resXlnd^ 
• resin 6 with Fmoc-Met. Fmoc-Leu. F™c:Gly. 
?W-Tn> preformed symmetrical anhydrides and BocGUvONp 
SaaterTan -aJofou. ^hion to that described «rber. 

Kffi. 16 hV deprotected (2.3 M HCVdioxane 4j£u»>. 
a^clized (a* deeeribed for I). ;The crude eyebe 
Mrined using ailica gel chromatography under gradient condi- 
t£XS»d) and reverse-phaae chromategraphy ^rba* 
ODS- 9.4 mm X 23 cm; eluting with a linear parent between 40 
and 60% aoueou. acetonitrile containing 0.05?. TFA .t.4 rnW 
mta over 10 mln). This gave XVII with an eeumated purity J 
9£|" (HPLC): amino acid aoalysU. Clv, 0.96; Gly. 1.03. Met, 
0 80; Leu, 0.99; Phe. 1.02; FAB-MS. positive ion m/e 763 (M + 
H). Wative ion m/e 762 (M - H). \ .' • '. ' 

Method 2., (aT Preparation .of Raein-Bound Protected 
pffi F»oXuyat.Cln.Trp-Pbe-Gly. Functionated 
^f dSe&rylamida resin 6 (U "^f^ff^ 
t sequentially acylated with (F«c«431y)^/^MmMAP lUjU) 
1 <30 rnniol 60 min). (FraocPhe),0 (15 mmol. 30 mm , (Fmoc- 
T^XlO-o^ 



WilUanu et of. 

30 min). (Fmoc-MethO (15 mmol. 30 min), and (Fmoc-Uu) ? 0 
(15 mmol, 45 min). The reain was washed witn DMF (5 XI min) 
and then divided into two portions (2 and 3 mmol divided by 
volume). The larger portion (3 mmol) was used below <rj). 

<b) Deproteetion and Cycllzation Conditions A POft'oa 
of the above reain (3 mmol) was deprotected (-ash cycle B)and 
fl»«ved bv analogy with 8p to give the crude deprotected 
hexspeptide hydrLide (1.72 g. 2.16 mM) after deaiccation over 
H^O.andP^HFLC.tR- 13.4 min. This residue was diaaoW 
" DMF (50 ml) and 9.3 M HC1/THF (1.16 «L. 10.8 mmo» and 
was cyelized as earlier to give the crudecycbc bexapepude (XVU 
(1 2S E ) HPLC. t» = 16.9 min. A sample of Ujb matenal (50 mg) 
was lurified by repeated reverse-phase chromatography on 
Lichroorep C18 (2W0-^m particle : Hiae) eluungtbe product 
^KneaT gradient of H,0 to, H,0/CH,CN/TFA to yield 
purifiad cyclic peptide (XVII) 40. mg. ^ < ^ 
Molecular Weight Determination by Gel Filtrauon. The 

• apparent molecular weight was. estimated byjal P«™^ 

• chromategrapby in 50% aqueous acet.c ac.d with • Sapn*d« 
C L5 column (16 X 83.5 cm). Peptide fragments atructwaUy 
rlkted to substance P were used as molecular weight standards 

(453) L-363.cai™(744).phenyialiirnneac*t JM (225). Tbeefflueo 
" 0 34 mL/nin) monitored «t 254. nrn .allowed deterniination of 

• volume (V,) wasdetenninedby the volume of elution offtnrtrw 
RluT The rwulta of the determination were (peptide. apPf«nt 

- ^shSSSRSh as ^ows. f JI^75^ : ni «l; 678.8: 

• IV, 569, 692.9; VItt,638. 783.0; IX, 661,803.0- X.U48. 1606.0. 

Bioloiric*l Aaaaya. The biological. asaays fojm i. NK-A 

■ and NK-3 have b«« described previously.". NK:i:a«ay,.used 

■ isometric contraction of the longitudinal muscle of ; the small 
SteZ»X» SOO-^g male rDunkin; H^^.^ 

Baatin and Kingman) in Kr,br-H«« '"^"?« tt "7 A « 
U,. press, ceo^ 

and indomethacrt (1 hM). • s "3™ » f.„l ")ftO-90oT B 

' stimulated contractions of the.yas deferene from J 

SpTague-Oawley fats using rectangular bipolar P^«?[» u pra. 
maximal voltage. NK,3 aasays used measurement of the _fre- 
ou"£ aid «pUtud. of the myogenic conuact.ons. from 
tonSd"-latripa of the portal vein from rata (source as above). 
KcieVabVve. the m £,uxement of ante«oniat actmtywas 
derivedlrom the rightward shift of log doae-reapona. cum. to 
eledolin Scbild regression analyst* 1 u»U>B three, or rnore 
obse^ or!tt each of three or more antagonist coi«r£«.o« 
w/re wed to derive P A t . values. Wber. eolubility or. affinity oj 
The u7t compound were limiting factor,, estimate, o apparent 
OA, were made at a abgle concentration of antagonist, from the 
»Unde^d equation for the Schild snalysia assummg unit slope. 
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